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© Method and apparatus for converting low temperature heat to electric power. 



© A method and apparatus for implementing a thermodynamic cycle which may be used to convert low 
temperature heat to electric power. 

The cycle comprises the steps of: 
expanding (101) a gaseous working stream; 
condensing (106) the spent stream; 

forming from the liquid working stream an enriched stream and a lean stream; 
and heating (102) the enriched stream forming the gaseous working stream. 
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This invention relates generally to the field of thermal energy conversion into 
e JSl Z ^ More particularly, this invention relates to the conversion of low temperature heat from low 

^ MeSsTof rv^Xl^Tergy of low temperature heat sources into electric power present 

rfanriard Rankine cvcles. The present invention provides such a method and apparatus. 

Se present invention provides for a method for implementing a thermodynamic cycle compnsmg the 

landing a gaseous working stream, transforming its energy into usable form and producing a spent 

stream; , . 

condensing the spent stream producing a liquid working stream; 

forming from the liquid working stream an enriched stream and a lean stream, and 
heating the enriched stream forming the gaseous working stream. ^rmonvnamic cvcle 

The present invention also provides for an apparatus for .mplement-ng a thermodynam.c cycle 

"Tester expanding a gaseous working stream, transferring its energy into usable form and producing 

' "TSJZEm mixer for mixing the spent stream with a lean stream forming a P^ensed stream; 
a condenser for condensing the pre-condensed stream producing a l.qu,d workmg stream, 
a DumD for pumping the liquid working stream to an increased pressure; 

a 5™Sy senator for forming from the liquid working stream a vapor stream anc a ftrst ^ream 
a M ^ stream separator for separating the first liquid stream producing a second l.qu.d stream and the 

'^^nd stream mixer for mixing the second liquid stream with the vapor stream producing an 

en Th^tc m h; a nger for heating the enriched stream with heat transferred from an externa, heat source 

^ZVIZZZ*^ heat source may, in general, be used in conjunction with the method 

35 ""Rat nS^^SS-on of an embodiment of the method and apparatus of the present 
inVe S"invention is a novel method and apparatus for implementing a thermodynamic cycle Jn the method 

„ ^^J£7*ZX££*. ^ spent stream is condensed producing a liquid work,ng stream, 
"^m ZZr^Z^^^™^ - s*eam are formed. The enriched stream 
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Ty ^nventiona. apparatus used to form two or more streams having different composes from a 
sina^Lrm may be us£d to form the lean stream and the enriched stream from the hqu,d workmg stream^ 
SSSS^Ttbr forming those streams include conventionally used grav.ty separators, such as a 

^fe^ctS Seam preferably is in the state of a vapor or a vapor-liquid mixture. The lean stream 

^^1s\^Z^^l^ stream. This heat transfer may occur via a 
conv^ntionTnlatlxTanger. Any conventional heating source may be used, including recuperative or 
externa heat sources Preferred external heat sources that may be used in the present mvention are ttose 
S ng empeSu^Tof lis than about 400* F. Particularly preferred are those having temperatures of less 
^TiouTaso'F such as low temperature geothermal brine or solar pond external heat sources. 

T?e method of the present invention preferably includes the additional step of comb,n,ng at a first 
stream mTxer the lean stream with the spent stream prior to condensing the spent stream to form the ..quid 
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working stream. Such a stream, which includes the lean stream and the spent stream, may be referred to 
as a pre-condensed stream. 

The method of the present invention preferably includes the additional steps of pumping the liquid 
working stream to an increased pressure and partially evaporating the liquid working stream with heat 
s transferred from the spent stream and the lean stream. Conventional pumps and heat exchangers may be 
used for such purposes. 

in the embodiment of the present invention in which the liquid working stream is partially evaporated, 
the enriched stream and the lean stream may be formed by separating vapor and liquid streams from the 
partially evaporated liquid working stream at a flash tank-the vapor producing the enriched stream, which is 

70 heated to form the gaseous working stream, and the liquid producing the lean stream. Alternatively, such a 
partially evaporated liquid working stream may be separated into a vapor stream and a first liquid stream at 
a flash tank. The first liquid stream, in turn, may be separated at a first stream separator into a second 
liquid stream and the lean stream. The second liquid stream may then be mixed at a second stream mixer 
with the vapor stream to produce the enriched stream. In such an embodiment of the present invention, the 

75 enriched stream should be in the state of a vapor-liquid mixture that is then heated to form the gaseous 
working stream. 

The schematic shown in FIG. 1 shows an embodiment of preferred apparatus that may be used in the 
method of the present invention. Specifically, FIG. 1 shows a system 100 that includes turbine 101, heat 
exchangers 104, 105 and 102, condenser 106, gravity separator 103, pump 108, stream separators 109 and 
20 111, stream mixers 1 1 0, 1 1 2 and 1 1 4, and external heat source 113. 

The condenser 106 may be any type of known heat rejection device. For example, the condenser 106 
may take the form of a heat exchanger, such as a water cooled system, or another type of condensing 
device. 

Various types of heat sources may be used to drive the cycle of this invention. In the embodiment 

25 shown in FIG. 1, external heat source 113 represents a stream of low temperature geothermal fluid that 
flows from point 1 to point 9 through heat exchanger 102. 

The working stream for the embodiment of the present invention shown in system 100 preferably is a 
multi-component working stream that comprises a low boiling component and a high boiling component. 
Such a preferred working stream may be an ammonia-water mixture, two or more hydrocarbons, two or 

30 more freons, mixtures of hydrocarbons and freons, or the like. In general, the working stream may be 
mixtures of any number of compounds with favorable thermodynamic characteristics and solubility. In a 
particularly preferred embodiment, a mixture of water and ammonia is used. 

As shown in FIG. 1, the working stream circulates through system 100. The working stream includes a 
gaseous working stream that flows from heat exchanger 102 to turbine 101. The working stream also 

35 includes a spent stream, which flows from turbine 101 to first stream mixer 114, a pre-condensed stream, 
which flows from first stream mixer 114 to condenser 106, a liquid working stream, which flows from 
condenser 106 to gravity separator 103, and an enriched stream, which flows from second stream mixer 
112 to heat exchanger 102. The gaseous working stream, the spent stream, and the enriched stream 
preferably each include a higher percentage of a low boiling component than is included in the pre- 

40 condensed stream and the liquid working stream. 

In addition to the working stream that circulates through system 100 are a lean stream, which flows 
from first stream separator 111 to first stream mixer 114, a first liquid stream, which flows from gravity 
separator 103 to first stream separator 111, a second liquid stream, which flows from first stream separator 
111 to second stream mixer 112, and a vapor stream, which flows from gravity separator 103 to second 

45 stream mixer 112. The lean stream, the first liquid stream, and the second liquid stream preferably each 
include a lower percentage of a low boiling component than is included in the liquid working stream. The 
vapor stream preferably includes a higher percentage of a low boiling component than is included in the 
liquid working stream. 

In the embodiment of the present invention shown in FIG. 1, the liquid working stream, which has been 
so completely condensed and which has a temperature that preferably is close to ambient temperature-with 
parameters as at point 1 4-is pumped by pump 1 08 to a higher pressure, obtaining parameters as at point 
21 . Thereafter, this liquid working stream is separated at stream separator 1 09 producing substreams with 
parameters as at points 61 and 62, respectively. These substreams are sent into recuperative heat 
exchangers 104 and 105, respectively. While passing through heat exchangers 104 and 105, the sub- 
55 streams of the liquid working stream are heated, achieving a boiling temperature having parameters as at 
points 7 and 4, respectively, and then partially evaporated. The partially evaporated substreams of the liquid 
working stream exit heat exchangers 104 and 105 with parameters as at points 63 and 64, respectively. 
Those substreams are then recombined at stream mixer 110 to reconstitute the liquid working stream with 
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Pa T h XS MS ^eam at point S is prefer*, in ■ i bi-phase f^^^^ s 
The liquid working stream is sent into gravity separator 103. such as a flash tank, where the liquid sepa 

"priearn with parameters as at point 6 exits from the top of gravity separator 1« « 

LTmSm n "he jSSin 2 respetf to a lower boiling component when compared* *e 
Tquid wS lam) having parameters as at point 69. The enriched stream preferably ,s ,n the state of a 

exchanger 102 as the gaseous working stream. The gaseous working stream exiting heat exchanger 

r qu d wSi^ trim. — P»>™«, S as at p<M 14. M* ccnpleKs , «. icy* 
forth in TABLE 1, should increase power output from 3.3MW to 5.5MW. 
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Sum of turbine enthalpy drops = 62.08 Btu/lb 

Turbine work: = 60.53 Btu/lb 

Heat input = 84.78 Btu/lb 

Heat rejection = 523.04 Btu/lb 

Pump power = .09 Btu/lb 

Net power output = 60.44 Btu/lb 

Net thermal efficiency = 10.34% 

Working fluid weight flow = 310705.84 
Net output 5502.59 kWe 

Second Law limit 20.90% 

Second Law efficiency 49.45% 

Specific brine consumption 545.20 lb/kWe 

Specific power output 1-83 watt-hr/lb 



While the present invention has been described with respect to a number of preferred embod.ments 
30 which utilize a single preferred external heat source, those skilled in the art will appreciate a number of 
Nations and modifications of those embodiments. For example, a different external heat source may be 
used, the number of heat exchangers may be increased or decreased, the number of pumps turbines 
condensing devices, separators, etc., may be varied, as well as the number and cornposit, on f steams 
flowing through the cycle/Thus, it is intended that the appended claims cover all such vanabons and 
35 modifications as fall within the true spirit and scope of the present invention. 

Claims 

1. A method for implementing a thermodynamic cycle comprising the steps of: 

expanding a gaseous working stream, transforming its energy into usable form and producing a 
spent stream; 

condensing the spent stream producing a liquid working stream; 

forming from the liquid working stream an enriched stream and a lean stream; and 

heating the enriched stream forming the gaseous working stream. 

50 2. The method of claim 1 further including the step of combining the lean stream with the spent stream 
prior to condensing the spent stream forming the liquid working stream. 

3. The method of claim 1 further including the step of heating the enriched stream with heat transferred 
from an external heat source having a temperature of less than about 400 F. 

4. The method of claim 3 further including the step of heating the enriched stream with heat transferred 
from an external heat source having a temperature of less than about 250 F. 
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The method of claim 4 wherein the external heat source is selected from the group consisting of a low 
temperature geothermal brine and a solar pond. 

The method of claim 1 further including the steps of pumping the liquid working stream to an increased 
pressure and partially evaporating the liquid working stream with heat transferred from the spent stream 
and the lean stream after pumping the liquid working stream to an increased pressure. 

A method for implementing a thermodynamic cycle comprising the steps of: 

expanding a gaseous working stream, transforming its energy into usable form and producing a 
spent stream; 

mixing with the spent stream a lean stream forming a pre-condensed stream; 
condensing the pre-condensed stream producing a liquid working stream; 
pumping the liquid working stream to an increased pressure; 

partially evaporating the liquid working stream with heat transferred from the spent stream and the 
lean stream; 

forming from the liquid working stream a vapor stream and a first liquid stream; 

separating the first liquid stream producing a second liquid stream and the lean stream; 

mixing the second liquid stream with the vapor stream producing an enriched stream; and 

heating the enriched stream with heat transferred from an external heat source producing the 
gaseous working stream: 

The method of claim 7 wherein the gaseous working stream, the spent stream, the lean stream, the 
pre-condensed stream, the liquid working stream, the first liquid stream, the second liquid stream, the 
vapor stream, and the enriched stream each comprise a low boiling component and a high boiling 
component. 

Apparatus for implementing a thermodynamic cycle comprising: 

means for expanding a gaseous working stream, transferring its energy into usable form and 
producing a spent stream; 

a first stream mixer for mixing the spent stream with a lean stream forming a pre-condensed 
stream; 

a condenser for condensing the pre-condensed stream producing a liquid working stream; 
a pump for pumping the liquid working stream to an increased pressure; 

a gravity separator for forming from the liquid working stream a vapor stream and a first liquid 
stream; 

a first stream separator for separating the first liquid stream producing a second liquid stream and 
the lean stream; 

a second stream mixer for mixing the second liquid stream with the vapor stream producing an 
enriched stream; and 

a heat exchanger for heating the enriched stream with heat transferred from an external heat 
source producing the gaseous working stream. 
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10. The apparatus of claim 9 further including a gaseous working stream, a spent stream Hear .stream a 
precondensed stream, a liquid working stream, a first liquid stream, a second hqu. stream a ^por 
stream, and an enriched stream that each comprise a low boil.ng component and a h.gh bo.l.ng 
component. 

5 11. The apparatus of claim 9 further including a second heat exchanger for heating the 

stream with heat transferred from the lean stream, and a third heat exchanger for heating the liquid 
working stream with heat transferred from the spent stream. 

10 12. The apparatus of claim 9 further including an external heat source having a temperature of less than 
about 400° F. 

13. The apparatus of claim 12 wherein the external heat source has a temperature of less than about 
250' F. 

15 14. The apparatus of claim 13 wherein the external heat source is selected from the group consisting of a 
low temperature geothermal brine and a solar pond. 
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